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FAILURE MODES EFFECTS AMALYSIS (FMEA) — CRITICAL HARDWARE
NUMBER: M7-3-M7-X 0502 70N
ATTACHMENT -
SUBSYSTEM MAME: TUMWEL ADAPTER PAGE 131 aF 14
REVISEON ; 1 05/17/91
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PART NAME PART NMUMBER
YENDUR NAME VENDOR MUMBER
a LRU : HATCH “C™ AND "0 SEALS YO70-332504
""""""""" PART DATA
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w EXTENDED DESCRIPTION OF PART UNOER ANALYSIS:
PRESSURE SEALS, HATCHES *C* & "D”

w (QUANTITY OF LIKE ITEMS: 4
TA) SEALS PER HATCH “C"
TWO SEALS PER HATCH *D®

m FUNCTION: _
THE PERIMETERS QF BOTH HATCH "C™ AMD HATCH "0 ARE EACH SEALED WITH
TWO {GUAL/REDUNDANT) CONCENTRIC ANHULAR 0-RING SEALS IN OOVETAIL
GROOYES. AN IHNER SEAL 15 ON EACH HATGCH AND AM OUTER SEAL IS5 ON EACH
FLANGE OF THE TUMMEL ADAPTER.
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FATLURE MJDES EFFECTS ANALYSIS (FMEA)} -- CRITICAL FAILURE MODE
NUMBER: M7-3-M7-01

SUBSYSTEM: TUNMEL ADAPTER
LRU :HATCH “C" AND "“D" SEALS

ITEM MAME: HATCH “C" AND "D" SEALS
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m FAILURE MCODE:
LEAXAGE {D-RING SERLS)

MLSSION PHASE:
oo ON-ORBIT

wm VEHICLE/PAYLOAD/KIT EFFECTIVITY:
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m CALUSE:
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CRITICALITY DF THIS
FAILUIRE MODE:1R2

CRACKS, LOW TEMPERATURE, MATERIAL DEGRADATION, WEAR, SEAL DAMAGED QR
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m CRITICALITY 1/1 DURIMG INTACT ABORT OMLY? NO
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w REDUNDANCY SCREEN A) PASS
= B) FAIL
" £) PASS

PASS/FAIL RATIOMWALE:
mA)

PASSES REDUNDANCY SCREEN "A" SINCE THE HATCH (DUAL/REQUNDANT} SEAL
INTEGRITY [S VERIFIED DURING GROUND TURNARQUND.

= B)

FAILS REDUNDANCY SCREEM "B SINCE THE FLIGHT CREW CANNQT VERIFY THE

(DUAL/REDURDANT) SEAL INTEGRITY WHILE IN FLIGHT.

TEST KIT C70-0749 IS HOT FLIGHT EQUIPMENT.

u ()

PNEUMATIC PORTABLE

PASSES REOUNDANCY SCREEN *C" SINCE THE FAILURE OF ANY ONE SEAL CANNQT
CALUSE THE FAILURE OF THE OTHER REDUMDANT 3EAL.
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FAILLAE MODES EFFECTS AMALYSIS (FMEA) —- CRITICAL FALLURE MODE
NUMBER: H?-E-H‘.-'—L‘ll SO50270A .
ATTACHMENT -
-------------------------------------------------------------------- PASE 135 OF 140
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u (A) SUBSYSTEM:
N0 EFFECT IF ONLY A SINGLE O-RING SEAL FAILS. FAILURE OF BOTH SEALS
WOULD RESULT IN LUSS OF CABIN ATMOSPHERE TO THE DUTSIDE AND INCREASED
USE OF CREW MODULE CONSUMABLES 02/NZ.

m (B} INTERFACING SUBSYSTEM(S):
SAME AS (4).

® () MISSIDN:
NO EFFECT IF A SINGLE SEAL FAILS. POSSIBLE EARLY TERMINATION OF MISSION
IF BOTH SEALS FAIL, LOSS OF EMERGENCY EvA IF BOTH SEALS FAIL.

m {D) CREW, VERICLE, AND ELEMENT{S):
NO EFFECT IF A SINGLE SEAL FATLS. POSSIBLE LOSS OF CREW/WEHICLE IF
LEAK RATE FROM OUAL SEAL FAILURE AND AN ADDITIONAL SEAL FAILURE WITHIN
THE CREW MODULE FXCEEDS THE ARPCS MAKEUP CAPASILITY; LOSS OF EMERGENCY
EVA IF BOTH SEALS FAIL.

» (E) FUNCTIONAL CRETICALITY EFFECTS:

R T e o Y . et e ] L o R R

sk o e A AP T L L L L PP By b SRR RS S S S =

m (A) DESIGN:
WHEN THE TUNMEL ADAPTER HATCHES ARE CLOSED, REDUNDANT COKCENTRIC Q-RING
FACE SEALS ARE COMPRESSED BY SIX LATCHES (RATCH "C") OR 17 LATCHES
(HATCH "D") DRIVEN BY A MANUALLY OPERATED ACTUATOR. THE SEALS ARE
BONDED INTO DOVETAIL GROOVES, ONE IN HATCH AND ONE IN TUNNEL ADAPTER
FLANGE. THE HATCH IS A RIGID STRUCTURE. THE SEAL MATERIAL IS
SILICONE RUBBER.

m {B) TEST: :
ACCEPTANCE TESTS: STRUCTURAL LEAK TEST OF TUNNEL ADAPTER TQ 14.7 PSID
15 PERFORMED.

QUALIFICATION TESTS: QUALIFICATION TESTS OF HATCH STRUCTURE PER

TR $104012 INCLUDED PROOF PRESSURE TEST TO 17.7 PSID. QUALIFICATION
TESTS OF SIDE HATCH INCLUDED HATCH STRUCTURAL TEST PER TR 3104018 AND
2,000 OPERATING CYCLES DPEN AND CLOSE.

OMRSO: EACH SEAL CAM BE VERIFIED BY PRESSURIZING TO 15 PSID BETWEEN
SEALS USING TEST PORT AND PURTABLE TEST KIiT.
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. FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER; M7-3-M7-01 SOSO270A

ATTACHMENT -

REF. OMRSD VE&OAB(.03T. PAGE 134 OF 140

m {C) INSPECTION:
RECEIVING INSPECTION
RECEIVING INSPECTORS INSPECT FOR DAMAGE AND WORKMANSHIP AND VERIFY THAT
SEAL IS OF SINGLE PIECE MOLDED CONSTRUCTION. RECEIVING INSPECTORS
CHECK IDENTIFICATION AND WALL CROSS-SECTIOMAL DIAMETER ON A 5-3 SAMPLING
BASIS. IT [3 ALSO VERIFIED THAT THE SUPPLIER SUBMITTED THE REQUIRED
REPORTS.

CONTAMINATION CONTROL

RECEIVING INSPECTORS VISUALLY INSPECT SEAL FOR CLEANLIMESS. [MSPECTORS
VERIFY, BEFORE INSTALLATION, THAT THE SEAL AND SEALING SURFACE ARE
CLEAN, PER MAQLO6-328.

ASSEMBLY/TNSTALLAT[ON

THE SEALS ARE INSTALLED PER MAQ106-328. PRIQR TO INSTALLATION AN
INSPECTION 1S PERFORMED 7Q VERIFY THAT THE SEALING SURFACE [5 NOT
DAMAGED.

CRITICAL PROCESSES
BONDING OF SEALS PER MAQ106-328 IS5 VERIFIED BY INSPECTION.

' TESTING

THE TUNNEL ADAPTER HIGH PRESSURE TEST TO 14.7 PSID, AND LOW PRESSURE
TESTS TQ 3.2 PSID ARE VERIFIED BY INSPECTIOM.

HANOLING/PACKAGING

THE RECEIVING INSPECTORS VERIFY THAT THE SEAL IS INDIVIDUALLY PACKAGED
WITH PART MUMBER, MANUFACTURER WAME, COMPOUND NUMBER AND CURE QOATE.
RECEIVING INSPECTORS ALSO VERIFY THAT THME SEAL IS PACKAGED IN A WAY
THAT WILL PROTECT IT OURING STORAGE.

# (D) FAILURE HISTORY:
CAR NO. AC7947: OURING INGRESS/EGRESS WATCH SEAL CHECK, FRES3SURE COQULD
NOT BE MAINTAINED WITHIN TOLERAMCE (LOST 1.5 LB IN ONE MINUTE, SHQOULD
HAVE MAINTAINED WITHIN 1 LB IN ONE MINUTE): FAILURE AMALYSIS OF THE
QRIGINAL SEALS INOICATED A CONFUSION AS TO PART NUMBER SINCE PART
NUMBER WAS WOT TDENTIFIED TO THE PART BY DASH NUMBER WHICH COULD CAUSE
LARGER OR SMALLER SEALS TO 8E INSTALLED; EMGINEERING ACTIONS (E.O. A-
08, VO70-332504) APPROVED TO MARK SEALS AND PROMOTE CLOSER ATTENTION TO
SEAL HANOLING.

CAR NO. OBFD15: DURING OV-099 ON ORBLT QPERATION QF AIRLOCK HATCH "AY
IN 5T5-6 MISSION, THE SEAL TN AIRLOCK FLANGE (OUTER SEAL) PARTIALLY
CAME QUT OF ITS RETAINING GROOVE; FAILURE CAUSED BY A COMBINATION OF. AN
UNDERSIZE SEAL, AM OVERSIZE GROUVE, AND SEAL STICXING TO THE MATING
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. FAILURE MODES EFFECTS ANALYSIS {FMEA) —- CRITICAL FAILURE MDDE .
NUMBER: M7-3-M7-01 :::ii:::m )

SURFACE: ALUMINUM TAPE WAS AQDBED TO THE SIODE WALLS OF THE SEAL GROOVE  FAGE 135 0F 140
IN THE AIRLOCK FLANGE OF HATCH "A" WHERE OVERSIZE, AND BOUTH SEALS (IN

HATCH AND AIRLOCK FLANGEY WERE REPLACED TO RESTURE RETAINING GROOVE AND

SEAL DIMENSIONS.

CAR MO, AB6A01: OV-102 AIRLOCK HATCH "B" SEALS HAD A LEAK RATE OF 2.G
PST IN ONE MINUTE (SHOULD BE 1.0 PSI MAXIMUM IN QME MINUTE}; ATRLOCK
HATGH SEAL LEAKAGE WAS CAUSED BY INSUFFICIENT COMPRESSION OF SEALS DUE
TO ADVERSE TOLERANCE BUILDUP BETWEEN SEALS AND GROOVES OR PERMANENT SET
OF SEALS; INNER AND QUTER SEALS WERE REMOVED AMD REPLACED WITH NO
CORRECTIVE ACTION REQUIRED AS TOLERANCES ON SEAL DIAMETER, GROOVE
DIMENSIONS ANU LATCH ROLLERS WERE SATISFACTORY WITH SEAL LEAKAGE
REQUIREMENTS.

CAR NO. AC7792: DURING Qv-09% ATRLOCK HATCH "B" QPERATIONS, THE SEAL
BONOED IN AIRLOCK FLANGE CAME OUT OF GROOVE WHEN HATCH WAL OPENEDY
FATLURE CAMSED BY BOND FAILURE AND SEAL STICKING TQ THE MATING SURFALE
AS A RESULT OF AN IMPROPERLY POST CURED SEAL; SEALS RE-8QNDED (FUTURE
OCCURRENMCES IN FLIGHT WOULD REQUIRE A SUITED CREWMEMEER TO REPLACE THE
SEAL OR IF SEAL DAMAGE OCCURS DURING HATCH CLDSING, THE REDUNDANT SEAL
WOULD BE CAPABLE OF MEETING MAXIMUM ALLOWABLE LEAKAGE REQUIREMENTS).

m {E) QPERATIONAL USE:
[F BOTH SEALS FAIL ON TUNMEL ADAPTER HATCH "L, INCREASED USE OF CREW
MODULE CONSUMABLES CAN BE MONITORED AND ASSESSED FOR FEASIBILITY OF
CONTINUING THE MISSION PER CABIN LEAK PROCEDURES AND FLIGHT RULES.
IF BOTH SEALS FAIL ON TUNNEL ADAPTER HATCH "D", EMERGENCY EVA MAY
REQUIRE CEPRESSURIZATION OF SPALELAB.
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RELIABILITY ENGINEERIMG: D. M, MAYNE
DESIGN ENGIMEERING E. L. SALLEE
QUALITY ENGIMEERING M. SAVALA

NASA RELIABILITY
NASA SUBSYSTEM MANAGER :
NASA QUALITY ASSURANCE
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